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Tém tit - Enzyme |a chit xdc téc sinh hoc ¢6 khéi lugng phén
tu 16n, enzyme dugc s dung rong rdi trong cong nghiép thuc
phim. M&i ddy, cac nha nghién ctru di sit dung mét phuong
phap don gian dé tong hop céc peptide cd hoat tinh sinh hoc
bing cach thuy phan protein bing enzyme, dic biét 1a bing
enzyme cb dinh. Peptide c6 hoat tinh sinh hoc la mdt nhém cac
phan tir sinh hoc ndm trong ciu trdc cua protein va tré nén hoat
dong sau khi phan tach khoi protein. Trong bai bdo nay, nhém
nghién ctru di ché tao dwoc enzyme Bacillus protease c¢b dinh
trén gel Ca-alginate. O diéu kién hoat dong t6i wu (pHop = 7,
top = 50°C, Top = 35 phdt), hoat d6 enzyme cb dinh do duoc la
180,03 1U/mg, hiéu suét cb dinh Bacillus protease 1én chit mang
14 84,34 %. Két qua cb dinh enzyme Bacillus protease trén Ca-
alginate s& duogc sir dung dé téng hop cac peptide ngén c6 hoat
tinh sinh hoc trong stta dau nanh.

Tir khoa - Bacillus subtilis; enzyme protease; dién di Zymogram;
enzyme co dinh; sy thuy phan

1. Pit van dé

Enzyme c6 dinh la enzyme duoc c6 dinh vat Iy vao mot
s6 vi tri xac dinh trén chat mang, van gitr dwoc hoat tinh
xUc tac nhu enzyme ty do va cé thé sir dung lai nhiéu lan.
Enzyme cb dinh ¢6 nhiéu wu diém hon so v6i enzyme tu
do. Chung c6 thé duoc str dung lap lai nhiéu lan trong thoi
gian dai, khéng tan va khdng 1an vao san pham cudi nén
khong anh huong dén mau sic va huong vi ciia san pham.
Khi ding enzyme ¢6 dinh ciing ¢6 thé nhanh chéng ding
phan tmg khi can thiét bang céch loai bo enzyme khoi hdn
hop phan tmg. Chlng ciing kha bén véi cac yéu té nhu
nhiét do, pH, va dung moi hitu co. Tuy nhién, viéc sir dung
enzyme cé dinh ciing c6 mot sé han ché. Chung c6 thé gap
phai sy han ché trong viéc chuyén khéi (su tiép x(c enzyme
v6i co chit tai trung tam hoat dong), c6 thé mét hoat tinh
sau khi c6 dinh, va khéng higu qua khi 4p dung cho co chat
ran. Hon nita, chling ¢6 thé mét di tinh thich nghi hinh thé.
Tuy nhién, nhitng han ché nay khéng déng ké so voi nhimng
loi ich ma enzyme ¢ dinh mang lai. Do d6, c6 ngay cang
nhiéu nghién ctru méi ciing nhur cong nghé méi duge phat
trién dé ché tao enzyme cd dinh [1]. Gan day, cac nha khoa
hoc da ap dung phuong phap don gidn nhét dé téng hop céc
peptide ngan ¢ hoat tinh sinh hoc la thuy phan protein
nguyén thuy bang enzyme, dic biét la bang enzyme cé
dinh. Peptide cé hoat tinh sinh hoc Ia mdt nhém cac phan
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ttr sinh hoc nam trong c4u tric cua protein va tré nén hoat
dong sau khi phan tach khoi protein do, chiing c6 thé duoc
san xuat bang cach thay phan thuc pham bang enzyme nhu
slra, thit dong vat, cd, ngd, lia mi, dau nanh va tring.
Peptide c6 hoat tinh sinh hoc ¢6 nhiéu img dung, ching han
nhu hoat tinh khédng khuén, ha huyét ap, chdng oxy héa, tac
dung ha lipid mau, chong béo phi, kha ning lién két khoang
chat, tac dung tri déi thao duong va chong 180 héa [2]. Viéc
lwa chon chét mang la cong doan rat quan trong trong viéc
ché tao enzyme c6 dinh. Cac polymer sinh hoc c6 thé duoc
sir dung 1am chéat mang dé c6 dinh enzyme vi chdng c6 cac
nhom chirc thich hop va dé dang bién d6i hda hoc. Mot
trong nhitng chat mang thich hgp cho muc dich nay la
calcium alginate (Ca-alginate). Ca-alginate dugc ché tao
bang phan tmg héa hoc giira sodium alginate (Na-alginate)
véi ion Ca?* theo kiéu trao dbi ion va tao thanh
biocomposite bén vimg khdng tan trong nudc va dé dang
tao hat hodc mang. Phan ing tao thanh biocomposite Ca-
alginate dugc mo ta phuong trinh (1):

2Na(alginate) + Ca?* - Ca(alginate), + 2Na™ (1)

Ca-alginate gobm mot hé thong matrix va chinh hé thong
nay 1a yéu t co ban dé by cac hop chét sinh hoc va té bao.
Ché tao enzyme cd dinh trong gel alginate dwoc cong nhan
1a mot phuong phéap nhanh chéng, ré tién, khong doc hai,
¢4 tinh twong hop sinh hoc cao va enzyme c6 tinh 6n dinh
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vé cdu trc [3]. Bai béo nay trinh bay céc két qua ché tao
enzyme protease c6 dinh Ién gel Ca-alginate, khao sat dic
tinh xUc tac ctia enzyme c6 dinh va tham do kha ning tng
dung trong san xuét ché phdm sira dau nanh c6 hoat tinh
sinh hoc.

2. Pbi twong va phwong phéap nghién ciru
2.1. Péi twong nghién ciru

Gidng vi khuan S9 dugc phan 1ap va dinh danh so bé 1a
vi khuén Bacillus subtilis (ki hiéu la vi khuan S9) tai PTN
Cdng nghé sinh hoc tric thudc Truong Pai hoc Bach khoa
— Pai hoc Pa Nang. Vi khuan S9 ¢6 dic tinh 12 vi Khuan
Gram (+) va khong gay bénh. Vi khuan S9 c6 kha ning
sinh enzyme protease ngoai bao, enzyme nay hoat dong t6i
thich & top = 50°C va pHop = 7,5-8,5 [4].

Calci clorua ran (110,99 g/moL) dugc dit hang tur
Trung Qudc va mubi sodium alginate c6 xuat xur tir Nhat
Ban, hai ha chit nay duoc ding dé ché tao gel Ca-alginate.
Céc hoa chit thong dung khac thuong dwoc sir dung trong
phan tich hoa sinh va vi sinh, tit ca déu dat tidu chuan ding
trong phan tich.

2.2. Phuwong phap nghién ciru
2.2.1. Bé tri thi nghiém dinh danh chiing Vi khuan S9 bang
ky thudt dinh danh phan «

- Nudi cdy vi khuan S9 trong mdi truong ting sinh
protease dé thu sinh khdi phuc vu dinh danh phan tir: Vi
khuan S9 duoc nudi cay trén mdi truong LB trong 16 gio.
Sau d6, huyén phu té bao (1%, v/v) dugc chuyén sang moi
trudng san xut protease chira 1% casein, 0,2% (NH4)2SOq;
K2HPO4 0,1 %; 0,1 % MgS04.7H.0; NaCl 0,05 %, pH 7,5
va nudi ciy lién tuc & 35°C trong 24 gid, 1ic 180 vong/phtit.

- Pinh danh phan ti: DNA vi khuin duoc tach chiét
theo phuong phap ciia Sambrook va cs [5]. Sinh khéi té bao
duogc thu hoi bang cach ly tm & tée ¢ 10.000 vong/phit
trong 5 pht. Sau do6 rira lai bang nude cit vo trung dé loai
bo hoan toan méi trudng nudi cy, hoa tan lai trong 500 pL
dém CTAB (100 mM Tris-HCI, pH 8; NaCl 1,4 M; EDTA
20 mM; CTAB 2 %). Hon hop nay sau d6 dugc u ¢ 65°C
trong 10 phut. Dich chiét té bao chira DNA tdng sb dugc ly
tam ¢ téc do 10.000 vong/phut trong 5 phit. DNA tdng so
dugc chiét xuét va tinh sach bang céch str dung 700 L hon
hop phenol:chloroform:isopropanol (ty 1¢ 25:24:1), vortex
va ly tdm lanh ¢ téc d¢ 10.000 vong/phut trong 10 phat, &
4°C. Khoang 400 pL dich néi dugc chuyen sang ong
1,5 mL moéi va DNA tong s6 duogc két tiia voi 800 pL
isopropanol tinh khiét. Tién hanh rira tia DNA béng etanol
70% va hoa tan trong 50 pL nudce cat vo tring. DNA duoc
kiém tra bang dién di trén gel agarose 1% & 45 V trong
30 phat. Gel dugce quan sét khi st dung dén LED (Blue
Light Transilluminator).

Tiép theo, DNA tong s6 dugc sir dung lam khudn dé
khuéch dai phan tmg PCR trinh tw 16S rRNA sir dung cip
mdi 27F (5-AGAGTTTGATCCTGGCTCAG-3) va
1492R (5' GGTTACCTTGTTACGACTT-3). B6 PCR bao
gdm 6 pL hdn hop chinh, 10 pmol cho mdi, 50 ng DNA b
gen va 12 uL nudc cat. Sau khi bién tinh & 95°C trong
5 phat, chu trinh PCR nhiét bao gdm céc budc bién tinh &
95°C trong 1 phut, bat cip & 55°C trong 1 phut, kéo dai tir

72°C trong 1 phat 30 gidy va lap lai 30 chu ky. Phan (ng
PCR sau d6 dugc & & 72°C trong 10 phdt. San pham PCR
duoc kiém tra bang dién di trén gel agarose 1%.

San pham PCR la trinh ty nucleotide théng qua
Firstbase (Malaysia). Trinh tu nucleotide dugc so sanh véi
dix liéu trén ngan hang gen. Cay tao ra mot loai dugc xay
dyng bang Phan mém Mega X [6].

2.2.2. Bé tri thi nghiém xac dinh kha néng sinh tong hop
protease ngoai bao ciia Bacillus sp. S9 va khoi hirong phan
tik ciia enzyme protease ngoai bao bdang zymogram

Sau khi dinh danh duoc vi khuan S9 1a Bacillus sp. S9
tiép tuc thuc hién cac thi nghiém:

- Kiém tra kha ning tong hop enzyme protease cuia
Bacillus sp. S9 dugc thuc hién thong qua k§ thuat nuoi cay
chim diém trén dia thach. Vi khuan duogc nudi cdy cham
diém trén dia thach sir dung tii 4m & 37°C trong 24 gio dé
6n nhiét va tao ra khuan lac. Trong qua trinh nudi cay,
Bacillus sp. S9 sé& tu tong hop enzyme protease va tiét ra
moi trudng dia thach, thuy phén casein va tao thanh vong
thiry phan xung quanh khuén lac [4].

- Xéc dinh khdi lwong phan tir cia enzyme protease
cuia Bacillus sp. S9 bang phuong phép dién di Zymogram,
thyue hién nhu sau: 15 pL enzyme ngoai bao dugc tron véi
2X loading dye. Hon hop nay sau d6 dugc dwa vao SDS-
PAGE véi 5 % stacking gel va 12% separeting chura
0,8 mg/mL casein. Gel duoc rira hai lan bang Triton
X-100 2,5% (v/v) trong 30 phat & nhiét @6 phong va ba
lin bang nudc cit, sau d6 U trong dém phan (g
(50 mmol/L Tris - HCI pH 8,3; 50 mmol/L CaCl,) ¢ 35°C
trong 2 gio. Gel duge nhuém bang Coomassie Brilliant
Blue R-250 va dugc nhudém trong dung dich metanol
axetat. Sy xudt hién ciia mot ving ré rang trén nén xanh
cua gel dugc danh gid la hoat dong cua protease [7]. Phan
tr lugng cua protease duoc thuc hién bang cach so sanh
véi thang chuan 161-0371 cua Sigma, bao gdm myosin
(200.000 Da), p-galactosidase (116.250 Da),
phosphorylase b (97.400 Da), serum albumin (66.200
Da), ovalbumin (45.000 Da), cachonic anhydrase (31.000
Da), tripsin inhibitor (21.500 Da), lysozym (14.400 Da)
va aprotinin (6.500 Da). Thang chuin dwoc chay trén
cuing gel véi protease, sau dién di dugc cét ra va nhuém
riéng ngay ma khong can xu ly véi casein.

2.2.3. Bé tri thi nghiém chiét tach enzyme protease ngoai
bao ciia vi khuan Bacillus sp. S9

- Nudi cdy vi khuan Bacillus sp. S9 trong mdi truong
san xuat protease: Dé thu nhan enzyme protease tién hanh
nudi cay Bacillus sp. S9 trong binh tam giac 200 mL, pha
ché moi truong dinh dudng gom céc chit: nudc cit vo
tring, bo sung casein 0,05 %; cao thit 0,3 %; pepton 1,0 %;
cao nam men 1,0 %; NaCl 0,5 %. Gidng gbc dugc bd sung
vao méi truong dinh dudng vO trung véi ty 1€ 1a 10 %.
Tién hanh nudi ciy vi khuin ¢ t = 35°C, téc do lic
120 vong/phut, trong thai gian 14,0 gio [8].

- Chiét xuét enzyme ngoai bao: Enzyme protease ngoai
bao sau 14 h nudi ciy trong mdi truong san xuét protease
duoc ly tam 10.000 vong/phdt trong 5 phit. Sau do, bd
sung acetone lanh theo ti 1¢ (1:4) va u qua dém, ly tam
10.000 vong/phat trong 5 phit va loai bo dich néi. Bé
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acetone bay hoi hoan toan trong vong 30 phut ¢ nhiét do
phong va hoa tan bang dém potassium phosphate pH 7,5
sao cho hoat d6 dat 250 1U/mg va bao quan & nhiét do
0-4°C [4]. Enzyme thu duoc goi tat la Bacillus protease.

Tur déy, trong pham vi bai bao nay enzyme protease
ngoai bao thu nhan tur Bacillus sp. S9 duoc viét tat la
“Bacillus protease ” doi voi enzyme tu glo va “Bacillus
protease c¢6 dinh” v&i enzyme c6 dinh dé thuén tién cho
viéc trinh bay.
2.2.4.Co dinh enzyme Bacjllug protease trén hat Ca-
alginate va xac dinh hiéu sudt co dinh enzyme

Tién hanh thi nghiém c6 dinh enzyme Bacillus protease
trén hat Ca-alginate theo [3] nhu Hinh 1.
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Hinh 1. M hinh minh kea c¢é dinh Bacillus protease trén
Ca-alginate theo [3]

Ché pham Bacillus protease ty do (250 1U/mg) can
phai tron déu véi dung dich Na-alginate 1% theo ty 16 4:1
(v/v) dén ddng nhit. Sau dé, dung bng tiém va kim tiém
dé nho hdn hop “Na-alginate - Bacillus protease” vao
dung dich CaCl; 0,1 M (kim tiém c6 dudng kinh 16 kim
120,30 x 13 mm), sau khi nho s& tao thanh cac hat enzyme
¢6 dinh. Hat enzyme c6 dinh tao ra s& dugc ngam trong
dung dich tao gel CaCIz 0.1 M trong 30 phat. Sau khi
ngam, hat enzyme ¢6 dinh dugc loc dé loai bo dung dich
bang gidy loc, tiép tuc rira hat enzyme 2 1an véi nudce cét,
sau d6 bao quan trong binh tam gi4c cé nip day.
Hat enzyme cb dinh dugc ngdm bao quan trong nudce da
khtr ion v6 tring & nhiét d¢6 0-4 °C, bao quan trong vong
10 — 15 tun. Do 16n cua cac hat enzyme ¢b dinh duoc
x4c dinh bang thudc kep Vernier Caliper (0-150 mm)
théng qua do duong kinh cua hat enzyme cb dinh, va sau
d6 tinh trung binh cho mdi mau thi nghiém. Hi¢u suat gin
enzyme tu do 1én chat mang (Hed) dugc tinh theo cong
thirc todn hoc (1):

C1 Cz
Hcd -

x 100% 1)

Trong d6: C; - la ham luong enzyme (ug/mL) trong dung
dich Na-alginate; C; - 1a ham lugng enzyme (pg/mL) trong
dung dich CaClz sau khi da tach enzyme co dinh (enzyme-
Ca-alginate) va nu6c vo tring rira enzyme cb dinh. O day,
phuong phap Bradford dugc dung dé do ham luong protein
hoa tan.

2.2.5. Khao sat sy phu thudc ciia hoat tinh enzyme Bacillus
protease cé dinh vao pH, tva t bang phwong phép khdo st
don bién

Hoat do enzyme protease ¢ dinh duoc khao st trong
mdi twong quan sy thay déi pH mdi truong, thoi gian (1)
phan tng va nhiét d (t) ciia moi trudng phan tng: pH duge
khao sat ¢ cac muc pH = 6,0; 6,5; 7,0; 7,5; 8,0; 8,5 va 9,0,
bude nhay p = 0,5 (c¢b dinh = 1,0 h, t = 50°C) dé xac dinh
pH tdi wu (pHop), thoi gian phan vmg t = 1,0 h duge tham
khao trong nghién ciru [8]; thoi gian phan (g tai cac thoi
diém t = 10; 15; 20; 25; 30; 35; 40 (phdt), budc nhay
p =5 phut (giit pH = 7; t = 50°C) dé x4c dinh thdi gian phan
ung t6i wu (Top); nhiét d6 & céc muc 30, 35; 40; 45; 50; 55
va 60 (°C), budc nhay p = 5°C (giit pH = 7,0 va = 35 phiit)
dé xac dinh nhiét d6 phan tng t6i wu (top).
2.2.6. Cac phurong phap phan tich

- Xéc dinh hoat tinh protease tu do theo Anson cai tién
[9]. Tir 2 6ng nghiém ban déu, tién hanh cho vao mdi dng
nghiém 5 mL co chit (casein 0,65%) va dit tit ca vao may
6n dinh nhiét d6 & 37°C. Sau 5 phdt, thém vao mdi 6ng
nghiém 1 mL dung dich enzyme (ciing ¢ nhiét d¢ 37°C)
vé6i hoat tinh tir 0,1-0,2 1U/mg. Léic tron déu va dé ¢ 37°C
trong 10 phat. Sau d6, thém vao mdi dng nghiém 5 mL
dung dich trichloacetic acid 0,11 M, lic trdon nhanh dé
protein du va cac hop chat cao phan tir bi két tua. Giir cac
ong nghiém & 37°C thém 30 phdt va sau dé loc lay dung
dich. Tiép tuc, lay 2 mL dung dich loc va 5 mL dung dich
Na,COj3 0,5 M cho vao mdi 6ng nghiém, tron déu va thém
1 mL Folin. Sau 30 phut phan ung, dung dich s& c6 mau
xanh, va st dung méy so mau & budc séng 660 nm dé do.
Hoat tinh enzyme duoc xac dinh dya trén duong chudn
tyrosin. Mau BC thi thay dung dich enzyme bang 1 mL
nude cat. Pha dung dich gdc tyrosin véi ndng do 0,11 M.
Sau d6, cho dung dich tyrosin vao 7 éng nghiém theo thé
tich tang dén tu: 0,05; 0 10; 0,20; 0, 40 0,50 va 0,80 (mL)
Chovao 76 ong nude cit lugng nude cit twong ung dé tong
thé tich mbi ong nghiém dat 2 mL, va mau dbi ching co
2 mL nudc cat. Tiép theo, thém vao mdi dng nghiém 5 mL
dung dich Na;C0O3 0,5 M va 1 mL thude thir Folin ciing
nhu mau déi ching. Hon hop phan umg duoc chay 6 on nhiét
trong 30 phdt, tiép tuc dém mau di do bang may quang phd
v6i bude séng 660 nm bang May quang phd tu dong UV-
2650 Spectro UV-VIS RS (Labomed, Hoa Ky). Xay dung
duong chuin tyrosin véi truc hoanh 1a ndng do tyrosin
(micromoL/mL), truc tung l1a mét d¢ quang OD.

Hoat d6 enzyme tu do duogc tinh theo céng thac 2:

__ umol tyrosine x 11
AE= 10 x2x1 )
Trong d6: AE la hoat do enzyme tinh bang IU/mg;
11 Ia tong thé tich (tinh bang mililit) ciia miu khao nghiém;
10 la thoi gian khao nghiém (tinh bang phat); 1 1a thé tich
enzyme sir dung (tinh bang mililit); 2 1a thé tich da str dung
(tinh bang mililit).

- Hoat d6 cuia hat enzyme protease ¢6 dinh dugc do nhu
sau: L4y 1 gr hat enzyme ¢4 dinh dwa vao 25 mL dém Tris-
HC1 0,05M, pH 7,0 dé phé v& ciu truc hat enzyme enzyme
ty do dugc giai phong va sau d6 tién hanh do hoat do
enzyme theo phuong phap Anson cai tién twong ty nhu vi
enzyme tu do ban dau [9].
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2.3. Phwong phép xir |y sé liéu

B Mc?i thi nghi¢m trong nghién ctru da duoc 1ap lai it
nhat 3 lan, két qua la gid tri trung binh véi sai so.

- T4t ca céc dit liéu dugc tinh todn va xtr Iy bang chuong
trinh Microsoft Excel 2010.
3. Két qua nghién ciru va khao sét
3.1. Két qua dinh danh chiing Vi khudn S9 bang ky thudt
dinh danh phan ur

bo thuﬁq khiét cua giéqg gde 1a yé}l t6 I'ﬁ:t quan trong
trong sén xuat, vi thé viéc kiém tra ban dau la rat quan trong.

a b
Hinh 2. Hinh thai khudn lac (a) va
té bao vi khuan S9 x 400 lan (b)

M 1 M 1
20,000 by
20.000 bp
— 1500 bp
a b

Hinh 3. Pién di sdn phdam DNA téng s6 ching Vi khudn S9
(M: GeneRuler 1 kb DNA Ladder (Thermo Scientific);

1: san pham DNA tong s6 ciia Vi khudn) va di¢n di san pham
DNA tong s6 chiing Vi khuan S9 (M: GeneRuler 1 kb DNA
Ladder (Thermo Scientific); 1: san pham PCR)

Phan tich cac két qua xac dinh d6 thuan khiét ciia giéng
gbc (Ki hiéu 14 vi khuan S9) trén dia Petri (Hinh 2a va 2b)
nhan thiy, gidng khdng bi thoéi hda va tap nhidm, cu thé:
lac khuén ¢6 cau tric hinh tron, xung quanh lac khuén moc
dang rdng cua, cO su nhan lai trén bé mit, béng phuong
phép nhuém Gram thi nhan thiy chung thuée nhém Gram
(+). Nhing dic diém vi thé cta gidng vi khuan S twong
dong véi mo ta vé cac chung Bacillus spp. cua Claus va
Berkeley [10].

Vi khuin S tiép tuc duoc dinh danh bang sinh hoc
phén tir hién dai: trinh ty ving gen 16S rRNA duoc giai
dé dinh danh va tiép tuc ding cong cu BLAST N dé xac
dinh d6 ddng hinh cua trinh ty gen vi khuan S véi trinh tu
gen cua cac dong vi khuan khéc trong GenBank cung cép
boi Trung tam Qudc gia vé Cong nghé Sinh hoc (National
Center for Biotechnology - NCBI) thudc Thu vién Y hoc
Qudc gia Hoa Ky. Két qua dién di san phdm DNA tng
s6 chung vi khuan S dugc trinh bay trén Hinh 3a va 3b.
Két qua trén Hinh 3 cho thiy, DNA tong sb sau khi duoc

tach chiét khong bi dut gy, biang gon, o thé tiép tuc st
dung Iam nguyén liéu cho phan rng PCR, dinh danh phén
ta. Hinh anh dién di dugc kiém tra trén gel 0,8%. San
pham PCR c6 bing don, rd nét va cé kich thuéc khoang
1500 bp phu hgp véi kich thude du doan cua ving trinh
tu 16S rRNA.

Trinh ty nucleotid viing 16S rRNA ctia chiing vi khuén
S9 cuia dong vi khuan S:

GTCGAGCGGACAGATGGGAGCTTGCTCCCTG
ATGTTAGCGGCGGACGGGTGAGTAACACGTGGG
TAACCTGCCTGTAAGACTGGGATAACTCCGGGAA
ACCGGGGCTAATACCGGATGGTTGTCTGAACCGC
ATGGTTCAGACATAAAAGGTGGCTTCGGCTACCA
CTTACAGATGGACCCGCGGCGCATTAGCTAGTTG
GTGAGGTAACGGCTCACCAAGGCGACGATGCGT
AGCCGACCTGAGAGGGTGATCGGCCACACTGGG
ACTGAGACACGGCCCAGACTCCTACGGGAGGCA
GCAGTAGGGAATCTTCCGCAATGGACGAAAGTCT
GACGGAGCAACGCCGCGTGAGTGATGAAGGTTT
TCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACA
AGTGCCGTTCAAATAGGGCGGCACCTTGACGGTA
CCTAACCAGAAAGCCACGGCTAACTACGTGCCA
GCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGT
CCGGAATTATTGGGCGTAAAGGGCTCGCAGGCG
GTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCA
ACCGGGGAGGGTCATTGGAAACTGGGGAACTTG
AGTGCAGAAGAGGAGAGTGGAATTCCACGTGTA
GCGGTGAAATGCGTAGAGATGTGGAGGAACACC
AGTGGCGAAGGCGACTCTCTGGTCTGTAACTGAC
GCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGA
TTAGATACCCTGGTAGTCCACGCCGTAAACGATG
AGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGT
GCTGCAGCTAACGCATTAAGCACTCCGCCTGGGG
AGTACGGTCGCAAGACTGAAACTCAAAGGAATT
GACGGGGGCCCGCACAAGCGGTGGAGCATGTGG
TTTAATTCGAAGCAACGCGAAGAACCTTACCAGG
TCTTGACATCCTCTGACAATCCTAGAGATAGGAC
GTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCAT
GGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGT
TAAGTCCCGCAACGAGCGCAACCCTTGATCTTAG
TTGCCAGCATTCAGTTGGGCACTCTAAGGTGACT
GCCGGTGACAAACCGGAGGAAGGTGGGGATGAC
GTCAAATCATCATGCCCCTTATGACCTGGGCTAC
ACACGTGCTACAATGGACAGAACAAAGGGCAGC
GAAACCGCGAGGTTAAGCCAATCCCACAAATCT
GTTCTCAGTTCGGATCGCAGTCTGCAACTCGACT
GCGTGAAGCTGGAATCGCTAGTAATCGCGGATCA
GCATGCCGCGGTGAATACGTTCCCGGGCCTTGTA
CACACCGCCCGTCACACCACGAGAGTTTGTAACA
CCCGAAGTCGGTGAGGTAACCTTTA

Dua trén dic diém khuén lac clng véi trinh tu gen ma
hoa, vi khuan dugc xac dinh thudc chi Bacillus sp. voi do
trong dong 99%. Trinh tw 16 rRNA cua S9 duoc tién
hanh so séanh v&i mot sb chung vi khuén khac chuan trén
Genbank: Bacillus amylogiquefaciens NBRC15535,
Bacillus siamensis KCTC13613, Bacillus velezensis CR-
502, Bacillus velezensis BCRC17467, Bacillus velezensis
NRRLB-41580, Bacillus subtilis 1AM12118, Bacillus
licheniformis ATCC14580, Bacillus pumilus ATCC7061,
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Bacillus cereus ATCC14579, Bacillus thuringiensis
IAM12007, Bacillus benzoevorans NCIMB12555,
Paenibacillus polymyxa IAM13419 bang phin mém
Mega X. Nhan thdy, trinh ty gen ciia ching S9 twong dong
véi chung Bacillus amyloliquefaciens chung NBRC
15535 dua trén trinh ty ¢ ving 16S ribosomal RNA gene,
partial sequence, ti 1¢ 100%. Bacillus siamensis ching
KCTC 13613 dua trén trinh ty ¢ vung 16S ribosomal
RNA gene, partial sequence, ti 1& 99,93%. Bacillus
velezensis chung CR-502 dya trén trinh ty & vung 16S
ribosomal RNA gene, partial sequence, ti 1€ 99,93%.

Algnment Scoros. <40 |0 -% 1950 . 80

|~ .20 | R

Distribution of the top 3032 Blast Hit: on 100 subject seguences

- ! T

Hinh 4. Két qua BLAST trinh s nucleotide viing 16S rRNA ciia
chung Vi khuan S9 véi dir liéu ngén hang gen

Vi vay, ching nay duoc dat tén Ia Bacillus sp. S9. Cay

phét sinh loai ctia chung Bacillus sp. S9 dugc trinh bay trén

0.01
Tree scale:

Hinh 5. Trinh tu nucleotide 16S rRNA da duoc gt Ién
ngan hang gen (GenBank) v4i ma s6 MZ386456.

3.2. Két qua xé4c dinh khd néng sinh téng hop protease
ngogi bao ciia Bacillus sp. S9 va khéi lwpng phan e ciia
enzyme protease ngoai bao biang zymogram

Bacillus sp. thuong dugc ding dé san xuat cac loai
enzyme nhu amylase, protease nham phuc vu céng nghiép
va trong y hoc. Pai da s6 cac enzyme thity phan protein
déu duogc san xudt tir nhidu dong Bacillus sp. khéac nhau,
dic biét 1a Bacillus subtilis v6i d6 6n dinh cao [11], cho
thy c6 thé san xuat enzyme ctia dong vi khuén S. Céc tac
gia da nudi ciy chdm diém vi khuan S dé kiém ching kha
ning sinh enzyme protease ngoai bao va két qua nhuém
mau vong thity phan do protease x(c tac chuyén héa nhu
Hinh 6, duong kinh vong thuy phan do duoc tir 1,7-1,8
cm [4].

Khdi luong phan tir va hoat tinh ctia enzyme protease
dugc danh gia bang phuong phap dién di zymogram. Hinh
anh zymogram cho thdy hai ving séng c¢6 do phan giai
casein riéng biét trén gel, khbi luvong phan tir do duogc 12 39
va 70 kDa (Hinh 7). C4c dai sdng thu chitng minh enzyme
protease ngoai bao cua vi khuin S da thuy phan co chét
casein. Su xuat hién cua 2 dai bang c6 kich thudc khéc nhau
1a do enzyme duoc sir dung 1a enzyme thd, dan dén su hién
dién cua cac cau trdc cudn xodn khac nhau trong céu tric
protein. Cac nghién ctru khac di béo céo vé protease kiém
6 kich thude phan tir Bacillus sp. RKY3 (38 kDa) [12] va
Bacillus sp. SM2014 (71 kDa) [13].

.
—

Baciflus amyloliquefactens NBRC15535

\ S9

I 1 Baciitus siamensis kcTC13613"

' Bacillus velezensis CR-502
Bacillus velezensis BCRC17467
Bacillus velezensis NRRLB-41580"

Bacillus subtilis 1AM12118

Bacillus ficheniformis ATCC14580 Y

M —’J

36.5/1/95

LR L
i
hidaadabadll Bacillus pumilus ATCC7061"

1
| |

99.01/100 | Bacillus cereus ATCC145797
Bacillus thunngiensis 1AM12077 T

i
{ - Bacillus benzoevorans NCIMB12555T
1 Paenibacillus polymyxa I1AM13418 !

Hinh 5. Cay phd hé di truyén 10ai ciia ching vi khudn Bacillus sp. S9 va mét sé loai Bacillus sp. khac trén Genbank

Bing 1. Két qua xac dinh hoat dg enzyme Bacillus protease ¢é dinh Va hiéu sudt gdn enzyme trén gel Ca-alginate

Chi tiéu (do dac)

Ham luwgng enzyme (protein)

Hoat d9 (AE) Két qua do khéc

Kich thu6c hat enzyme c6 dinh, mm -

C1* (ug/mL) 200£0,3
C2" (ug/mL) 31,32+0,5
Hiéu sudt gin enzyme, Hea (%) 84,34

Hoat do enzyme tu do, AE w do (1U/mQ) -
Hoat d6 enzyme cb dinh, AE csainn (IU/Mg) -
AE con lai (%) -

- 3.0

25040,3 -
200,3+0,2 -
80,1 -

AE - 1A chir viét tit ciia hoat do enzyme (activity of enzyme); * - tham khao cong thirc toan hoc (2).
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Hinh 6. Khd nang sinh protease ngoai bao ciia
chiing Bacillus sp. S9

— 70400
- -
-

35 kDa

Hinh 7. bi¢n di Zymogram protease ngoai bao cia
chiing Bacillus sp. S9

Ngoai ra, mot s6 protease kiém c6 trong lugng: B.
licheniformis RSP-09-37(55kDa) [14]; B. licheniformis
(32 kDa) [15]; B. subtilis DM-04 (16.9 kDa) [16].

Két qud tach chiét enzyme protease ngoai bao ciia Vi khudn
Bacillus sp. S9

Protease 1a nhdm enzyme vai tro sinh hoc 1a thuy phéan
cac phan tir protein va tham gia vao nhiéu con duong sinh
héa khac nhau trong té bao séng. Trong té bao va mo,
protease rat can thiét vi n6 thuc hién nhiéu chirc nang sinh
hoc, vi nhu, vai tr rat hiru ich cua protease trong qué trinh
tiéu hoa, protease gilip pha v cac lién két peptide trong
protein ciia thirc an va giai phong cac acid amin can thiét
cho co thé hap thu.

Thoi diém thu hoach sinh khdi duge xac dinh b?mg
duong cong sinh trudng cta Bacillus sp. S9 (Hinh 8), tai
hoat d6 enzyme protease cuc dai la 2,833+0,085 IU/mL tai
thoi diém 14 gio, sau 14 gio dong thai sinh truong cua Vi
khuén giam dan va hoat d6 enzyme protease trong canh
truong ciing giam dan tir mc 14 gio dén 24 gio. Su thay
d6i nay c6 thé ly giai nhu sau: sau 14 gio nudi ciy, luong
té bao chét ting dan, do vy, ham lugng protease duogc tong
hop va tiét ra mdi truong giam dan; mot khia canh khac,
lwong enzyme protease trong canh trudng c6 thé da bi hu
hai béi vi sinh vat va yéu t ty phan autohydrolysis).

Hinh 9 12 mau ché phim enzyme protease tir Bacillus
sp. S9, ché pham long ddng nhit, c6 mau nau dam, c6 mui

ddc trung cua san phdm tuong tw nhu céc ché phiam
protease khai thac tir cAc chiing vi khuan Bacillus sp., hoat
do protease do dwoc bang phuong phédp Anson la
2,833+0,085 1U/mL.
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Hinh 8. Xac dinh thoi diém thu enzyme ngoai bao ciia
Vi khudn Bacillus sp. S9 bang duong cong sinh trudng

Hinh 9. Mdu ché phdm enzyme protease zir canh truong Vi
khudn Bacillus sp. S9

3.3. Két qud cé dinh enzyme Bacillus protease trén hat
Ca-alginate

Ché phdm enzyme Bacillus protease c¢b dinh trén hat
Ca-alginate da dugc ché tao thanh cong trong diéu kién
PTN. Enzyme c6 dinh c6 mét sé ddc diém: 1) hinh dang 12
hat tron déu, duong kinh dat 3 mm; 2) mau sic la mau tring
duc; 3) hat enzyme c6 tinh dan hoi, bén va khong bi vo
(Hinh 10a va 10b).

Hinh 10. Su tao hat enzyme cé dinh trén gel Ca-alginate (a) va
enzyme Bacillus protease co dinh trén hat Ca-alginate (b)
Két qua tinh toan cho thiy, tir hdn hop 250 mL

protease-Na-alginate khi tao hat thu dugc 140 g hat u6t. Tu

Bang 1, cho thay hiéu suét gén enzyme (Hcd) tinh theo ham

luong protein 1a 84,34 %, hoat d6 (AE) enzyme c6 dinh la
200,3 1U/mg dugc do ¢ pH =7, t = 37 °C, thoi gian phan
g t = 10 phdt. Két qua nghién ctru trong tng véi nghién
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ctru ciia Mai Ngoc Diing khi c6 dinh enzyme Ién hat
Ca-alginate, tac gia nay cong bd hiéu suit cd dinh dat trén
84,6 % [17].
3.4. Két qud xac dinh céc ddc tinh ciia enzyme Bacillus
protease cé dinh bang phwong phép khdo sat don bién

Hoat @6 enzyme phu thudc vao nhiéu yéu té nhu: pH, t,
thoi gian phan tng, chat hoat hoa, chat kim ham, ... nén khi
kh&dm phé cac dic tinh enzyme nguoi ta thuong xem xét
anh huong ctia cac yéu to nay Ién hoat do enzyme.

pH ctia moi trudng phan g la mot trong nhitng yéu td
anh huong dén hoat do cua enzyme, tdc do phan ung
enzyme tang hay giam phuy thudc vao pH moi truong phan
ung, do do, moi enzyme c6 mot ving pH hoat dong tdi uu,
tire 1a & ving pH dé téc do phan tmg enzyme dat mirc cao
nhit [7]. Su phu thudc ciia hoat dd enzyme Bacillus
protease c¢b dinh trén gel Ca-alginate vao pH mdi truong
phan tmg dugc trinh bay trén Hinh 11. D6 thi trén Hinh 11
cho thdy rang, hoat 6 cta enzyme cé dinh ting dan trong
khoang pH tir 6 dén 7 va giam dan trong khoang pH tir 7
dén 9. Hoat d6 enzyme Bacillus protease ¢ dinh trén gel
Ca-alginate dat gid tri cuc dai (200,3 1U/mg) tai pH =7. Do
d6, pH t6i uu cua Bacillus protease c6 dinh ¢6 xu huéng
dich chuyén vé ving pH thip hon so véi enzyme tu do,
diéu nay 1am phan &nh trong nghién ciru ciia tac gia Qamar
va dong nghiép vao nim 2020 la twong dong véi nhau [3].
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Hinh 11’. Suw phu thudc cua hoat dé cua enzyme Bacillus
protease co dinh trén gel Ca-alginate vao pH moi truong phdn
ung. Enzyme Bacillus protease t do hoat dong tot nhat trong

mai truong 6 pH 7,5-8,5; Trong khi dd, enzyme Bacillus
protease co dinh trén gel Ca-alginate hoat déng tot trong moi

truong pH = 7,0-7,5, hoat d¢ cuc dai tai diém pH 7,0

Trong phan ng enzyme, nhiét do dong vai tro quan
trong trong viéc quyet dinh toc d¢ cta phan tmg. Tuy nhién,
nhiét do ciing c6 thé lam cho enzyme tré nén khéng hoat
dong hodc bi bién ddi cu trac [3]. Hinh 12 thé hién két qua
cta viéc khao sat anh hudng cta nhiét d6 moi truong 1én
hoat d¢ cua Bacillus protease ¢ dinh. Phén tich két qua
cho thiy, hoat do cua Bacillus protease cb dinh dat gia tri
cuc dai (199,5 IU/mg) ¢ t = 50°C. Hoat d6 cua Bacillus
protease c6 dinh ting dan & ving nhiét do tir 45°C dén
55°C va khi tiép tuc ting nhiét do 1én trén 55°C thi hoat do
bt dau giam. Hién tuong ndy c6 thé duoc giai thich bai
viéc & nhiét do cao, Bacillus protease trg nén khdng 6n dinh
nhiét va bat ddu bi bién dbi cu trac [7].
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Hinh 12. Sy phu thuéc cuia hoat dj cia enzyme Bacillus protease
cé dinh trén gel Ca-alginate vao nhiét dg mdi trieong. Enzyme
Bacillus protease iz do ¢6 nhiét dj 16i wu - top = 50°C, cOn enzyme
Bacillus protease cé dinh hoat ddng tot & khodng nhiét dj réng
hon tir 45°C dén 55°C ¢ khd néing chiu nhiét tét hon
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Hinh 13. Su phu thugc cua hoat d6 cua enzyme Bacillus
protease co dinh trén gel Ca-alginate vao thoi gian phan ing.
Véi co chat la casein, enzyme Bacillus protease i do can
10 phat dé dat van toc phén ing cuc dai, enzyme Bacillus
protease co dinh dat vin toc cuc dai ¢ thoi diém 35 phit, va
chdm hon S0 vgi enzyme ty do

Theo phuong phap Anson cai tién, thoi gian phan tng
dé do hoat do enzyme tu do la 10 phit, & day, enzyme tu
do phan tan déu trong moi trudng phan tng. Tuy nhién, d6i
véi Bacillus protease c6 dinh, kha nang phan tan kém hon
dan dén viéc enzyme tiép xtc kém hon véi co chat, vi thé,
xac dinh thoi gian phan img ti wu ciia Bacillus protease c¢6
dinh 14 can thiét. Két qua xac dinh sy phu thudc cia hoat
d6 cua enzyme Bacillus protease cb dinh trén gel
Ca-alginate vao thoi gian phan mg trinh bay trén Hinh 13.
D4 thi trén Hinh 13 cho thay rang thoi gian phan img t5i
uu cta enzyme la 35 phat, véi hoat do cuc dai dat
180,03 IU/mg. Tir 10 phit dén 35 phdt, hoat do cua
Bacillus protease tang dan, c6 thé giai thich boi hiéu tmg
ctia qua trinh khudy do, 1am cho co chat tiép xuc tot hon
véi enzyme. Tuy nhién, sau thoi diém 35 phat, hoat do ctia
enzyme bat dau giam dan, c6 thé 1a do enzyme bi trc ché
béi cac san phdm phan tng tich ty, 1am giam sy tiép xGc
clia co chét véi trung tdm hoat dong cua enzyme. Nhom
nghién ctru dé xuit bd sung mot lugng CO, hoa long phu
hop dé ting cudong kha ning phan tan cua co chat, tir o
tang &i luc cua co chit voi enzyme.
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4. Két lugn

Nhitng két luan khoa hoc c6 thé rit tir nghién ctru nay
nhu sau:

- Pi dinh danh dugc chung vi khuan S9 bang ki thuét
dinh danh phan tir 1a vi khudn thudc chi Bacillus sp. va
dugc dat tén la Bacillus sp. S9. Bacillus sp. S9 thugc nhém
vi khuan Gram (+), ¢6 hoat tinh sinh enzyme protease
ngoai bao, hoat @6 enzyme protease ngoai bao do dugc la
2,833x0,0853 IU/mL canh truong (da tach sinh khoi).
Bing k¥ thuat dién di zymogram xéac dinh dugc khéi luong
phén tir cua enzyme protease ngoai bao ctia Bacillus sp. S9
la 39 kDa va 70 kDa.

- Nhém nghién ctru d ché tao thanh cong enzyme
Bacillus protease c6 dinh trén gel Ca — alginate. Enzyme
Bacillus protease c6 mot sd dic tinh nhu: pH t6i wu
PHop = 7, nhiét d6 phan tng tdi wu top = 50°C, thoi gian
phan g t6i wu top = 35 phit; hoat d6 enzyme ¢6 dinh do
duoc & diéu kién t6i wu 1 180,03 IU/mg. Hiéu suat gin
enzyme protease |én chat mang (Ca-alginate) do dugc la
84,34 % (so v&i lugng enzyme tu do ban dau).

Loi cAm on: Bai bao nay duoc tai tro boi Truong Dai hoc
Bach khoa - Pai hoc Pa Nang thuoc Dé tai c6 ma so
B2022-DN02-07.
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